and provided protection against the disease. Conclusion: Our findings showed that hOGG1-Ser326Cys Cys allele is statistically important and relevant with respect to the development of oral squamous cancer. In view of our results, further studies including expression levels are required in which hOGG1-Ser326Cys should be investigated as molecular biomarkers for the early prediction of squamous cell carcinoma.
ity diseases in the same way; they are significant carcinogens in almost all kinds of cancer mechanisms. OSCC has an incontrovertible relation with smoking and alcohol abuse in about 90% of cases. Other important etiologic factors have been considered such as viruses, genetic factors, ultraviolet and radiation exposure, oral hygiene, and diet [1] . Radiation exposure, environmental chemicals, and other toxic molecules also play a significant role in the development of cancer processes. These molecules must be metabolized using the body's enzyme system in homeostasis. If any reactive oxygen species (ROS) occur in this process, it might result in the induction of DNA damage. When the DNA repairing system started not to work properly such as by modifications, polymorphisms, unbroken protein process, the system process could end up with damaged DNA and genetic instability. These results most effectively lead to cancer [6] . It is well known that DNA, main or underlying, has a definite role in diseases including cancer [7] [8] [9] [10] .
The elimination and repair of damaged DNA is facilitated by DNA repair mechanisms, which have 4 major mechanisms [11] [12] [13] [14] . The base excision repair (BER) pathway is one of the major mechanisms, which provides systemic protection against ROS [11, 14, 15] . It is possible to hypothesize that BER mechanism and oral mucosa damage directly. The oral mucosa comes into direct contact with some carcinogens such as alcohol and tobacco, which leads to the production of oxidative stress [12, 13] . Human oxoguanine glycosylase 1 (hOGG1) and human apurinic/apyrimidinic endonuclease/redox factor 1 (APE1) are both members of the BER pathway [16] [17] [18] . Polymorphisms individual or combined on hOGG1 and APE1 might end up reasonable for disease development including OSCC. In this respect, we aimed to investigate a molecular-based study to find a possible correlation with DNA repair genes and OSCC. We believe that our results provide important information for future expression studies in this area by focusing on DNA repair pathway.
Materials and Methods

Subject Selection
Blood samples were collected in EDTA-containing tubes from 132 patients diagnosed as having OSCC and 160 healthy subjects, who presented to the Ear, Nose and Throat Clinic and Dental Clinic at Istanbul Medical Faculty between August 2007 and August 2013. All participants, patients, and controls gave written informed consent and the study was approved by the Medical Ethics Committee of Istanbul Medical Faculty in accordance with the World Medical Association Declaration of Helsinki.
Polymorphism Analysis
The genomic DNA from blood samples were extracted using the white blood cells method formulated by Miller et al. [19] . After the isolation of DNA sample, hOGG1-Ser326Cys and APEAsp148Glu were amplified using polymerase chain reaction with suitable primers ( Table 1 ) . To detect the variations in these regions, restriction fragment length polymorphism analysis was performed using appropriate enzymes. The digested products were analyzed on 2% agarose gel stained with ethidium bromide and examined under transillumination.
Statistical Analysis
Statistical analyses were performed using the SPSS software version 11.5 (SPSS Inc., Chicago, IL, USA). Differences in the distribution of DNA repair genotypes or alleles between patient and control groups were tested using the χ 2 test. Relative risk at 95% CIs was calculated as the OR.
Results
Demographic data and characteristics of the patient and control groups are shown in Table 2 . There were no significant differences between the controls and patients in terms of age; however, sex, smoking habit, and alcohol consumption were statistically significantly different ( p < 0.05).
The distribution of hOGG1-Ser326Cys genotype and allele frequencies of OSCC in patients and controls are given in Table 3 . There were significantly more hOGG1-Ser326Cys Cys allele carriers (Cys+) in the patient group than in the control group ( Table 3 ) . The results also showed that carriers had a 2.8-fold risk in the patient group ( p < 0.001; χ 2 = 18.88; OR 2.88; 95% CI 1.77-4.68). Although in the control group, hOGG1-Ser326Cys Ser allele carriers (Ser+) were found statistically significant and had a 10-fold protective role against OSCC compared to the patient group ( p < 0.001; χ 2 = 12.22; OR 0.10; 95% CI 0.02-0.47). hOGG1-Ser326Cys Ser/Ser ( p < 0.001; χ 2 = 18.82; OR 0.347; 95% CI 0.214-0.563) and hOGG1-Ser326Cys Cys/Cys ( p < 0.001; χ 2 = 12.25; OR 9.37; 95% CI 2.09-42.03) genotype frequencies were significantly increased in the control group compared to the patient group. In addition, hOGG1-Ser326Cys, Ser/Cys carriers were higher in the patient group and had a 2-fold risk for the development of the disease ( p = 0.005; χ 2 = 7.86; OR 2.00 95% CI 1.22-3.26).
APE-Asp148Glu genotype frequencies are shown in Table 4 . According to the statistical analysis, even though there were no statistically significant results, there were more APE-Asp148Glu Asp allele carriers (Asp+) among patients than in the controls ( p = 0.32; χ 2 = 0.98; OR 1.48; . Grades for disease, differentiation, and the level of tumor size were also investigated for hOGG1-Ser326Cys ( Table 5 ) and APE-Asp148Glu ( Table 6 ). Nevertheless, both genotype frequencies were not statistically important except that only hOGG1-Ser326Cys Ser allele carriers (Ser+) were found to be related statistically. Risk condition was seen with hOGG1-Ser326Cys Ser allele carriers (Ser+) for the level of tumor size (>4 cm) as 1.5-fold ( p = 0.38; OR 1.58; 95% CI 0.39-6.39; Table 5 ).
Discussion
Given the prevalence and annual incidence of oral carcinoma, it is found that it affects more than 600,000 people each year and impacts primarily the quality of life including respiration process. It is well known that smoking habit alters and accounts for primary risk factors for not all cancer types but especially the oral cavity. According to the World Health Organization, this cancer can be prevented [20] .
The main objective of our study is to determine the statistically important relation between hOGG1-Ser326Cys and APE-Asp148Glu polymorphisms of DNA repair genes in oral squamous cell cancers (OSCC). In view of our results, especially hOGG1-Ser326Cys Cys, allele carriers might have a facilitating role in OCD development. Our results showed the relation between oral cavity and DNA repair, especially hOGG1. For this reason, further studies with larger samples are needed to determine the disease mechanism in detail. To our knowledge, this is the first study focused on the potential contribution of APE1 and hOGG1 genotypes to OSCC pathogenesis with Turkish patients.
DNA damage might occur due to several endogenous and exogenous reasons including oxygen radicals. 8-Hydroxy-2 ′ -deoxyguanosine (8-OH-dG) is one of the prime factors for oxidative DNA damage [21] . Our body could compromise all the risk factors, which let the system away from homeostasis by several mechanisms such as DNA repair system. hOGG1 gene has the role of removing 8-OH-dG by coding the glycosylase/AP lyase to catalyze 8-OH-dG. Our study supported this finding by showing the correlation between Ser/Cys, Cys+ for the disease and Cys/Cys, Ser/Ser, Ser+ for protection. Our results need to support a large sample group and further analyze to make hOGG1 marker capability strong.
Not only is hOGG1 located and expressed in several tissues but also 8-OH-dG is found in almost all tobacco products. Hence, their role in oral cancer needs to be answered. Elahi et al. [22] suggested that aerodigestive tract tissues expressed hOGG1, which includes esophagus, larynx, tonsil, tongue, and mouth floor. They also showed that hOGG1 and orolaryngeal cancer risk are related in people who have smoking or drinking alcohol habits [22] . Xing et al. [23] studied squamous-cell carcinoma of the esophagus in the Chinese population and suggested that the 326Cys allele might have a role in the esophagus cancer mechanism. In addition, Tsai et al. [24] studied the relation between hOGG1 and oral cancer risk in a large Taiwanese population who were smokers. Their results pointed out that 326Cys allele carriers and smoking might have a positive relation [24] . DNA repair genes are still popular research area for cancer that never becomes old. There are a lot of studies on DNA repair and cancer. Farnebo et al. [25] investigated the role of XPC, XPD, XRCC1, and XRCC3 from DNA repair genes on head and neck cancer and showed association with the disease. Dos Santos Pereira et al. [26] also suggested, from a study on Brazilian population, that XRCC3-Met allele might have a role in OSCC mechanism.
We also need to determine the association between APE-Asp148Glu and OSCC. Even though we could not find statistically important relation, we found some susceptibility results that need to be clarified by large study groups such as Asp allele carriers being high in patients, Glu/Glu genotype carriers increased in controls. Our study is the first of its kind, which focused on the relation between APE1 and oral cancer. There are limited research on APE1 and oral cancer. Souza and colleagues worked on p53, APE1, hMSH2, and ERCC1 proteins in lip squamous cell carcinoma using immunohistochemical methods and found the contribution of p53 and APE1. Not only did APE1 have a role in tumorigenesis, aging, angiogenesis, and oxidative stress signaling, but it also is an enzyme that works on BER mechanism to isolate the system from oxidative stress by apoptosis [25, [27] [28] [29] . If there is an obstacle or polymorphism on APE1 gene, the metabolism might end up in an uncontrolled cell division or escape from apoptosis. This result has helped clarify the association between oral cancer and APE1 by increasing the study population.
In conclusion, our results have pointed out especially hOGG1 Cys allele in patients by its potential risk for underlying mechanism of OSCC. Cys allele's role on DNA repair system is well known as Cys allele was revealed by decreasing the glycosylase/AP lyase enzyme activity, which might result in cancer by unrepaired DNA damage [30] . Combine this with our results about hOGG1 Cys, if 8-OH-dG has not catalyzed properly by hOGG1 and is stuck in the body, DNA repair system starts to work on a low capacity. In this case, polymorphisms that encode the related genes of hOGG1 might break down the DNA repair system capacity. Assembling 8-OH-dG in the system might be responsible for the development of OSCC. Also, further analyses on oral cavity anatomy and hOGG1 need to be carried out to solve their mechanism. Further trials with larger sample groups are warranted to unveil the possible involvement in the pathogenesis and biology of the oral cancer.
